Kimberlites occur as dykes up to 3 m thick and isometric bodies in the southern explored part of a NE-SW trending Karoo graben across the Mozambique Belt in northern Mozambique. The kimberlites are reported along four NW-SE-trending zones, and one ENE-WSW-trending zone. The kimberlites are macrocrystic hypabyssal Group Ia kimberlites based on their mineralogy and whole rock geochemistry. The kimberlites show a typical crystallization history with early olivine, perovskite, ilmenite and phlogopite growth succeeded by rutile and spinel 
River Fault). It has been proposed that the total thickness of the Karoo sequence increases from about 1650 m in the south to about 6000 m along the Tanzania border.
No extrusive volcanics (of Jurassic age) are preserved at the top of the Karoo sequence in contrast to the voluminous flood basalts that cap Karoo successions further to the south throughout southern Africa.
The Karoo graben overlies Proterozoic rocks of the Mozambique belt. Investigations in progress suggests that the two shoulders of the Karoo graben are distinct, and consequently that the graben covers a major Pan-African or older lithospheric boundary.
To the NW of the graben, the Ponta Messuli gneiss complex (outcropping along the shores of Lake Niassa) is associated with metasedimentary rocks of the Txitonga group. An amphibolite-facies migmatitic paragneiss from the Ponta Messuli Complex contains detrital zircon cores ranging in age between 2.20 and 1.99 Ga and metamorphic zircon overgrowths dated between 1.98 and 1.95 Ga (unpublished SIMS data) . U-Pb dating of monazite in this sample (unpublished LA-ICPMS data) constrains the timing of migmatitization at 1954 ±15 Ma. Available zircon and monazite data demonstrate that the Ponta Messuli complex contains a basement older that 1.95 Ga affected by an amphibolite-facies overprint at 1.95 Ga. The data suggests that the Ponta Messuli complex forms an extension of the Palaeoproterozoic Usangaran belt of Tanzania. Whole-rock Sm-Nd isotopic data are available on three samples from the Ponta Messuli complex (Saranga, 2004) . The samples are garnetbiotite gneiss, biotite-epidote gneiss and a charnockite, mapped by the authors as part of units of amphibolite and granitic gneiss. The three samples yield Archaean depleted mantle model ages (T DM ) ranging from 3.01 to 2.64 Ga. The data indicate that the extraction of the protoliths to these gneisses from the depleted mantle took 
Previous studies on the Kimberlites
Oberreuter & Pilale (1998) provide an overview after Stajilo-Alekseev (1983) Five zones with kimberlites were identified in northern Mozambique, labelled 1 to 5 from west to east (Fig. 2) . The three westerly zones (1) (2) (3) have parallel NW-SE trends.
These are the 'Lefululutxe-Fúgòe Rivers' Zone (1), the 'Upper course of the Fúgòe River' Zone (2) and the 'Tulo-Namango Rivers' Zone (3). The fourth zone, called the 'Luimba River' Zone is short and trends ENE-WSW. The fifth zone, called the 'Micuela' zone is the shortest. It trends NW-SE and is situated directly to the east of zone 4. Kimberlite dykes within each zone trend parallel to the trend of the zones.
The 'Lefululutxe-Fúgòe Rivers' Zone (1) is located between 4 and 10 km east of Lake Niassa and is about 28 km long and about 5 km wide with a trend of 145-325º.
Nine dykes were identified as well as a kimberlite lode with the biggest dyke on the left side of the Lefululutxe River. Ground investigations were curtailed due to security problems.
The 'Upper course of the Fúgòe River' Zone (2) is narrow (1-2.5 km wide) and was only traced for 12 km. It nevertheless probably continues towards the north out of the area studied by the Soviet geologists. Eleven dykes were found but no detailed ground studies were completed.
The 'Tulo-Namango Rivers' Zone (3) was traced for 25km NW from the southern edge of the graben and is about 4 km in width across the Lunho River valley.
Nineteen dykes and 4 isometric bodies were discovered. The 4 isometric bodies were found along the Namango River valley in the only area prospected in any detail. One isometric body ('TX3' Pipe) underwent detailed magnetic studies and a 1:500 scale map of its outcrop was produced. The 'Luimba River' Zone (4) is ca. 500 m wide and trends 065-245º for about 2.5km.
Four very thin subvertical dykes were discovered.
The 'Micuela' Zone (5) was followed by ground magnetic surveys for about 600m in a 140/150º -320/330º direction with a width of 200m. Kimberlites were found in this zone, which is thought to be larger than suggested by the initial surveys.
Most kimberlite dykes are up to 3m in thickness but can be 15m thick. The dykes of the 'Luimba River Zone' (4) are the thinnest (<0.2m). The TX3 pipe of the 'TuloNamango Rivers Zone' (3) • Fúgòe River Basin and right margin of the Lunho River with samples characterised by pyrope-almandine-ilmenite assemblages with minor rutile, zircon, clinopyroxene, limonite and hornblende.
• Left margin of the Lunho River with samples characterised by ilmenitelimonite-almandine assemblages with minor clinopyroxene, zircon, hornblende etc. Oberreuter & Pilale (1998) noted that there are a number of discrepancies and omissions in the three original reports prepared between 1979 and 1983 for the Mozambique Geological Survey Department (DNG). In particular no results were given for the analyses of most of the 5000+ pan and geochemical samples. Most of the detailed (1:500) maps reporting geophysical surveys were not provided. It is therefore not clear as to whether the Soviet geologists found any diamonds.
New results

Fieldwork
The kimberlite pipe TX3 from the 'Tulo-Namango Rivers' Zone (3) 
Methods
Five kimberlite samples were analysed at the Geological Survey of Norway including whole rock analyses by XRF on 4 samples (Table 1) . Petrographic studies, performed with optical microscopy and a scanning electron microscope (SEM) coupled with an energy dispersive X-ray spectrometer (EDS) were undertaken on nine polished thin sections of the 5 kimberlite samples. Rb-Sr isotopic data on phlogopite separates were performed. The Rb-Sr data provides more precise information on the emplacement age of the kimberlites.
Petrography
The examined rocks are all Group 1 macrocrystic hypabyssal kimberlites with inequigranular textures. Olivine is the dominant primary macrocrystic phase with Table 1) that contains indurated sandstone clasts indicates considerable contamination probably due to assimilation of country rock material into the kimberlite. 
SEM petrology data
Crystallization history
The examined rocks are all Group 1 macrocrystic hypabyssal kimberlites with inequigranular textures. Macrocrysts noted in thin sections are mostly olivine with isolated Mg-ilmenite, pyrope and phlogopite. The garnets are xenocrysts although it is not clear whether the olivine macrocrysts are early primary (cognate) kimberlitic minerals or xenocrysts. However, at least some of the groundmass olivine is an early crystallization phase of the kimberlite magma. Some olivine macrocrysts have angular shapes to suggest that they are fragments of larger megacrysts.
Opaque minerals appear to have crystallised at different stages with embayed and altered 'early' perovskite and ilmenite grains and 'late' spinel grains. Alteration rims around perovskite grains formed during resorption in the latest stages of magma crystallization and typically include rutile (Mitchell, 1986) . Phlogopite also appears to have crystallised at different stages with embayed 'early' flakes and 'late' poikilitic flakes with inclusions of other minerals including spinel.
Serpentine and calcite are the youngest primary phases and variably replace olivine.
They are interpreted as mostly 'late stage' primary kimberlite minerals (equivalent to glass in more felsic magmatic rocks i.e. residual liquid crystallization products) as opposed to secondary alteration phases. However, there is also the possibility that some carbonate, especially in strongly altered samples (e.g. 31990) is secondary and related to groundwater infiltration. Barium and strontium sulphate/carbonate are 'late' replacement minerals identified by the SEM analyses. This sequence of mineral crystallization accords with the typical crystallization history for kimberlites recorded by Mitchell (1986) 
Reconnaissance SEM chemistry results
Selected partial mineral analyses performed with SEM + EDS are reported in Tables 2   to 5 inclusively. Very little zoning was noted in any of the analysed grains.
Pyrope garnets (Table 3 ) plot in the G9 (lherzolitic) garnet field on the classical Cr 2 O 3 against CaO diagram (Figure 4 ; Gurney & Zweistra, 1995). The retrograde kelyphitic rims as seen in the present study around garnet xenocrysts (provide minimum PT conditions for garnet growth) and typically form at temperatures of between 900 and 1300º C at 10-12 Kbars according to Garvie & Robinson (1982) . An even higher temperature of formation of the garnets is indicated by their NiO values of up to 0.036% with a mean of 0.014% (110 ppm Ni). This mean value indicates formation temperatures of about 1350° C using the nickel thermometer in Ryan & Griffin (1996) . However, lower temperatures of between about 800 and 950 ºC are indicated by plotting the garnet's mean chrome content (5-6 %) on the Ryan & Griffin (1996) chrome against nickel thermometer, using the geotherm for Group 1 Kaapvaal Craton kimberlites. This would suggest that there were different (higher) geothermal gradients during Group 1 kimberlite emplacement in the Mozambique Belt than into the Kaapvaal Craton. Nyblade & Brazier (2002) show that the thick depleted Analysed olivine grains are fosteritic with over 45% MgO and less than 14% total iron as FeO ( Figure 7 and Table 2 ). The single analysis of a groundmass clinopyroxene is typical of the 'pure' diopside found in kimberlite groundmasses, as recorded by Mitchell (1986) . The very high Ca but low Al, Cr and Na contents distinguish these clinopyroxene grains from clinopyroxene megacrysts. Similarly the single orthopyroxene analysis is closest to those for the Ti-bronzites found as megacrysts in kimberlite or intergrown with ilmenite (Mitchell, 1986 
Whole rock geochemistry
Whole rock analyses were completed on 4 kimberlite samples from northern Mozambique ( Table 1) . Three of the analysed rocks are uncontaminated (based on the Contamination Index of Clement, 1982) . The fourth has a high C.I. but this is due to a high calcite content and thereby low MgO content. The whole rock geochemistry from the three uncontaminated samples confirms the petrographic conclusion that they belong to Group I kimberlites, and probably part of Subgroup Ia (Smith & others, 1985) . For example, the analyses plot in the field of Group I kimberlites on plots of TiO 2 vs. K 2 O and Pb vs. SiO 2 (Smith & others, 1985) , and SiO 2 vs. MgO (Skinner, 1989) (Smith & others, 1985) . K 2 O contents of up to 1.58 % are typical for kimberlites but low for other types of ultramafic rocks (Table 1; Dawson, 1980, Table 6 ; Kirkley & others, 1991; Mitchell, 1986) . Conversely the SiO 2 values of between 27 and 30% for the least carbonated samples are very low for ultramafic rocks but typical for uncontaminated kimberlites (25-35% SiO 2 ). The potassium contents of the northern Mozambique kimberlites are higher than kimberlite analyses shown in Mitchell (1986) range for kimberlite (Dawson, 1980, Smith & others (1985) conclude that the geochemical signature of Group I kimberlites suggests that they had an asthenospheric-like source in contrast to Group II kimberlites that are inferred to have originated from sources within ancient stabilized subcontinental lithosphere (i.e. Archaean cratons). This would accord with the tectonic setting of the northern Mozambique kimberlites that are set within a rift into Proterozoic crust.
Rb-Sr geochronology and other isotope studies
Rb-Sr analyses of phlogopites separated from one sample of the TX3 kimberlite (Plate 4) yield an isochron age of 138 ±9 Ma (Figure 8 Normal displacements on the graben boundary faults controlled Karoo sedimentation and clearly preceded emplacement of the kimberlites. We suggest that post-Karoo stresses caused subsequent dextral offset along these faults and created the extensional fractures infilled by the kimberlites. The NW trending dykes infill conjugate R2-fractures to the major bounding faults and the ENE dykes infill R1-shears to the SE margin of the graben (Ramsay & Huber, 1987) . Support for this model is provided by figure 2 of plate 2 in Cloos (1955). This figure shows extensional fractures within a dextral shear system that exactly mimic the kimberlitefilled fracture pattern in the Karoo graben of northern Mozambique. The 138 ±8.5 Ma age estimate for kimberlites intrusion suggests that stresses related to Lower
Cretaceous fragmentation of Gondwana (that effectively isolated Africa as a separate continent) caused re-activation of the bounding faults to the Karoo graben (Jelsma & others, 2004) . The dextral reactivation of the Karoo graben was contemporaneous with dextral offset of Madagascar with respect to mainland Africa during early fragmentation of Gondwana (Jelsma & others, 2004) . Extensional reactivation of these older fundamental faults provided access for upper mantle magmas into the upper crust along second order fractures. Previously, Boyd (1973) as well as Nixon & Boyd (1973) had suggested that stresses related to Gondwana break-up influenced kimberlite emplacement into the Kaapvaal Craton.
NNE-trending faults of the East African Rift System, which include Lake Niassa (Delvaux, 2001) , truncate the western part of the Karoo graben in Northern Mozambique ( Figure 1 ). The western arm of the East African Rift System began to develop at between 12 and 10 Ma (Nyblade & Brazier, 2002) . The East African Rift System thus largely post-dates kimberlite emplacement. Previously, Mitchell (1986) has dismissed any suggestion that emplacement of kimberlites adjacent to the East African Rift System to the north of northern Mozambique in Tanzania was influenced by this Neogene rift system. He also noted that the Neogene rifting post-dates kimberlite emplacement. The fact that the kimberlites are found in the older rifts and not in the East Africa Rift System is a typical feature of east African geology (McKinlay, 1955; Dawson, 1980; Mitchell, 1986) . Pre-rift kimberlite pipes were also 
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